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Abstract
The Super Cryogenic Dark Matter Search (SuperCDMS) experiment aims to detecting nuclear recoils from weakly-
interacting massive particles (WIMPs) by measuring phonon and ionization energy in crystalline Ge. It has been
operating at the Soudan Underground Laboratory in Minnesota (USA) since March 2012 with improved background
rejection capabilities with respect to CDMS II. A low-threshold analysis of the SuperCDMS data has been performed,
allowing to explore WIMP masses below 30 GeV/c2. This is the ﬁrst analysis using the full background rejection
capabilities of SuperCDMS. In particular both phonon and ionization signals are used for deﬁning a ﬁducial volume
excluding events near any of the surfaces of the detectors. In addition, the background discrimination includes multi-
variate techniques optimized for several WIMP masses. The results are competitive with other low-threshold WIMP
searches, and probe new parameter space for WIMP-nucleon scattering for WIMP masses between 4 and 6 GeV/c2.
Keywords: Direct dark matter search, light WIMP, SuperCDMS, low threshold.
1. Introduction
A wide variety of astronomical and cosmological ob-
servations are consistenly described by assuming that
∼85% of the mass content of the Universe is non-
luminous and of non-baryonic nature[1]. This partic-
ular contribution is generically referred to as dark mat-
ter (DM), and the properties of its fundamental com-
ponents remain unknown. Weakly-interacting massive
particles (WIMPs) allow to explain DM as a relic from
the early Universe, and have the additional interest
of being inherent to some deﬁnite extensions of the
Standard Model of particle physics. In this context,
the study of WIMP masses below 30 GeV/c2 is mo-
tivated by the fact that this interval is still allowed in
some models given the current constraints from DM
searches[2, 3, 4, 5, 6, 7, 8, 9, 10]. Furthermore, the
DAMA[11], CDMS II (Si)[12] and CoGeNT[13] exper-
iments report excesses of events that can be interpreted
as the signal of a WIMP with mass between 8 and 20
GeV/c2.
2. The SuperCDMS experiment
The purpose of the Super Cryogenic Dark Matter
Search (SuperCDMS) experiment is to measure the
phonon and ionization signal produced by a Ge nucleus
recoiling after a WIMP interaction. In general, the ion-
ization energy, EQ, is only a part of the total recoil en-
ergy, ER. The ratio between EQ and ER is called ioniza-
tion yield, Y:
EQ ≡ YER. (1)
The ionization yield depends on the type of the recoil-
ing particle. For a recoiling electron Y is equal to unity,
i. e., the full recoil energy produces ionization, and
for a recoiling Ge nucleus Y ranges approximately be-
tween 0.15 and 0.3 depending on the recoil energy. This
property allows to use the ionization yield for discrim-
inating nuclear recoils (NRs) against electron recoils
(ERs). The full recoil energy is eventually converted
into phonon energy. There is an additional contribution
to the phonon energy if an external electric ﬁeld is ap-
plied. In this case, the charge carriers caused by the
ionization move within the crystal along the lines of the
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electric ﬁeld, producing additional phonons[14]. Denot-
ing the voltage diﬀerence induced in the crystal as V the
total phonon energy reads
EP = ER +
V

EQ. (2)
The constant  depends on the material, being equal to
3.0 V for Ge. Note that the measured values of EP and
EQ allow to determine ER and Y uniquely.
The SuperCDMS experiment operates ﬁfteen instru-
mented cylinders of monocrystalline Ge called detec-
tors, arranged in ﬁve stacks of three detectors each, and
operating in a thermal bath of 50 mK. The mass of each
detector is 0.6 kg. An external electric ﬁeld is applied to
each detector in order to separate positive charge carri-
ers from negative charge carriers and to deﬁne a ﬁducial
volume, see Figure 1. Electrodes at +2 and -2 V located
on the top and bottom sides of the detector respectively
create an electric ﬁeld in the bulk that is almost paral-
lel to the detector axis. This conﬁguration causes neg-
ative and positive charge carriers produced by recoils
occurring in the bulk to move respectively towards the
top and bottom sides. Additional interleaved electrodes
at 0 V located on both sides modify the electric ﬁeld
near those surfaces while keeping the electric ﬁeld in
the bulk practically unaltered. Hence this change only
aﬀects the propagation of charge carriers produced by
recoils occurring near the top and bottom surfaces, that
move towards the same side regardless of being nega-
tive or positive. For this reason, by instrumenting the
top and bottom sides of the SuperCDMS detectors and
requiring symmetry between both ionization measure-
ments it is possible to reject events occurring near those
surfaces. In addition, events occurring at high radius
are rejected by segmenting the readout channels on each
side along the radial direction and requiring the ioniza-
tion measurements from the outer channels to be consis-
tent with noise. Since part of the phonon signal is pro-
duced by the propagation of the charge carriers across
the Ge crystal, phonons carry some information about
the position of the recoil, and hence allow complemen-
tary ﬁducialization.
The SuperCDMS detectors are protected from the en-
vironmental radioactivity by an outer active shielding
consisting of pannels of scintillating plastic, acting as
muon veto, and an inner passive shielding consisting of
two layers of polyethilene and two layers of lead. Both
the active and passive shielding cover the full solid an-
gle. In addition, ultra-radiopure Cu is used for the struc-
tures inside the shielding. The full setup is located in the
Soudan Underground Laboratory (Minnesota, USA) at
a depth of 713.5 m (∼2100 mwe).
3. Analysis of low-threshold data
Light WIMPs were searched for in SuperCDMS by
using the full background rejection capabilities of the
Ge detectors in the limit of their resolution[15], that
corresponds to recoil energies between 1.5 and 10 keV.
This enables to probe WIMP masses between 5 and 15
GeV approximately. Only data taken between October
2012 and July 2013 in the seven detectors with the low-
est trigger thresholds were considered for this search,
totalling 577 kg days of raw exposure. Data in the signal
region were blinded until the event selection was com-
pletely ﬁnalized.
Two dominant background sources were identiﬁed:
surface events from nuclear decays occurring in the
vicinity of the detectors; and electron recoils induced
by γ- and X-rays. The ﬁrst category includes recoils
produced by charged particles from the decay of 210Pb
nuclei implanted on the surface of the detectors them-
selves or on the inner surface of the copper housings.
Due to the microscopic mean free path of such charged
particles in solids, decays of 210Pb nuclei located else-
where are irrelevant. The events in the second category
have two origins: Compton scattering of γ-rays from
nuclear decays occurring in the Cu structures or the pas-
sive shielding, that have energies in the MeV scale; and
X-rays produced by L-shell capture in Ge atoms inside
the detector themselves, that have energy equal to 1.29
keV. Note that a 1.29 keV photon has a microscopic
mean free path in Ge and hence in the second case all
its energy is deposited inside the detector. The back-
grounds were modelled using Monte Carlo (MC) sim-
ulations and data from the signal sidebands only, and
included resolution eﬀects by adding measured noise to
Figure 1: Schematic view of the section of a SuperCDMSGe detector,
showing lines of the applied electric ﬁeld (blue lines) and the propa-
gation of charge carriers (red arrows) produced in three recoils (green
stars) occurring respectively in the bulk, near the bottom surface and
at high radius.
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Figure 2: Distribution of the BDT assuming a 10 GeV/c2 WIMP,
for data (points) and the expected background (stacked histograms),
summed across the seven detectors used in the low-threshold analysis
of the SuperCDMS data. For reference a 10 GeV/c2 WIMP signal
with cross section equal to 6×10−42 cm2 is shown on top of the total
background.
perfect pulses.
Only data satisfying a set of quality criteria were con-
sidered in the analysis. WIMP candidates were required
to satisfy ﬁducial volume cuts based on the ionization
signal, and to have ionization yield consistent with NRs.
In addition, events with activity above noise in the muon
veto or in any of the ﬁfteen detectors other than that con-
taining the WIMP candidate were rejected. Finally, four
quantities related to the ionization yield and the ﬁdu-
cial volume deﬁned by the phonon signal were used to
construct multivariate discriminators. In particular, the
discriminators were implemented as boosted decision
trees[16], see Figure 2. A total of four BDTs were de-
veloped, assuming WIMP masses equal to 5, 7, 10 and
15 GeV/c2 respectively, and in each case a cut value was
set such that the expected Poisson upper limit at 90%
C.L. is minimized. Events were accepted if at least one
of such cuts is satisﬁed.
The background satisfying all selection cuts was pre-
dicted to be equal to 6.2+1.1−0.8. This estimation included
the systematic uncertainties in the background model.
Upon unblinding, eleven events were found to pass all
the selection requirements, see Figure 3. This repre-
sents a discrepancy slightly below the two-sigma level
with respect to the predicted background, and hence no
evidence of WIMP signal can be claimed. In general, a
good agreement is found between the background pre-
diction and the observed number of events in all the
considered detectors except T5Z3, see Table 1, in which
0.13+0.06−0.04 background events were predicted and 3 events
were observed. This particular detector had one elec-
trode shorted to ground and hence the applied electric
ﬁeld diﬀered to that for the remaining detectors consid-
Figure 3: Events passing all the selection criteria except the BDT and
ionization yield cuts (small grey dots), and WIMP candidates (large
encircled shapes). The NR energy scale shown on top of the ﬁgure is
approximate, and is shown for illustrative purposes only.
ered in this analysis. The origin of the discrepancy in
T5Z3 is currently under study, and the most credible
hypothesis is that the altered electric ﬁeld aﬀected the
selection of event used for modelling the backgrounds
in this detector.
An exclusion limit was calculated applying the op-
timal interval method[17, 18] without background sub-
traction, assuming the standard halo model, see Figure
4. Under these conditions, the WIMP interpretation of
the CDMS II (Si), DAMA and CRESST results is dis-
favoured. In addition, the WIMP interpretation of the
CoGeNT result is excluded independently of the halo
Detector Number of
observed events
Predicted
background
T1Z1 0 0.03+0.01−0.01
T2Z1 2 1.4+0.2−0.2
T2Z2 2 1.8+0.4−0.3
T4Z2 0 0.04+0.02−0.02
T4Z3 0 1.7+0.4−0.3
T5Z2 4 1.1+0.3−0.3
T5Z3 3 0.13+0.06−0.04
Table 1: Number of observed events (second column) and predicted
background (third column) in each detector.
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Figure 4: Upper limit at 90% C.L. (solid black) based on all observed
events, shown with 95% C.L. systematic uncertainty band (gray).
The sensitivity expected before unblinding in the absence of signal is
shown as 68% (dark green) and 95% (light green) C.L.bands. The dis-
agreement between the limit and the sensitivity at high WIMP mass
is due to the events in T5Z3. Closed contours shown are CDMS II
(Si)[12] (dotted blue, 90% C.L.), CoGeNT[13] (yellow, 90% C.L.),
CRESST II[19] (dashed pink, 95% C.L.), and DAMA/LIBRA[11]
(dash-dotted tan, 90% C.L.). Exclusion limits at 90% C.L. shown are
CDMS II (Ge)[20] (dotted dark red), CDMS II low-threshold (Ge)[21]
(dash-dotted red), CDMSlite[22] (solid dark red), LUX[23] (solid
green), XENON10 S2-only[24] (dashed dark green), and EDEL-
WEISS low-threshold[25] (dashed orange).
parameters and the nature of the WIMP-nucleon cou-
plings. New WIMP-nucleon cross sections are explored
for WIMP masses between 4.5 and 6 GeV. Note that
the limit is consistent with the sensitivity expected be-
fore unblinding below 10 GeV/c2, while the discrep-
ancy seen above this point reﬂects the tension between
the background prediction and the observed number of
events in T5Z3.
4. Conclusions
The low-threshold WIMP search is the ﬁrst study us-
ing the full rejection capabilities of the SuperCDMS de-
tectors. The backgrounds were modelled usingMC sim-
ulations and data in the signal sidebands only, and are
able to provide predictions in good agreement with data,
with the exception of one detector with a modiﬁed ap-
plied electric ﬁeld. In addition, this analysis presented
the ﬁrst application of multivariate techniques in direct
DM searches, demonstrating that such approach greatly
improves the performance of the discriminant quantities
in the limit of their resolution. The result obtained in
this study is competitive with other DM searches, and
along with those from CDMSlite and LUX set severe
constraints to theWIMP interpretation of event excesses
reported by DAMA, CDMS II (Si) and CoGeNT.
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